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RESEARCHMEMORANDUM 

for the 

Bureau of Aeronautics, Department of the Navy 

NIND-TUNNEL INVESTIGATION AT LOW SPIBD OF TEE ROLLING 

STABILITY DERIVATIVES OF A l/lo-SCALE MODEL 

OF THE GRUMMAN FgF-9 AIRPLANE 

TED NO. NACA AD 3109 

By Walter D. Wolhart and David F. Thomas, Jr. 

SUMMARY 

An experimental investigation has been made in the Langley stabil- 
ity tunnel to determine the low-speed rolling stability derivatives of 
a l/lo-scale model of the Grumman FgF-9 airplane. Tests were made to 
determine the tail contributions as well as the effect of duct-entrance 
fairing plugs, slats, flaps, flaperons, and landing gear. The effect 
of sideslipping the model -100 was determined for one of the clean con- 
figurations. These data are presented without analysis in order to 
expedite distribution of the paper. 

INTRODUCTION 

Previous investigations have indicated that reliable prediction of 
dynamic flight characteristics over a wide angle-of-attack range requires 
more accurate estimates of the various aerodynamic parameters than is 
possible with the use of available procedures. (See refs. 1 and 2, for 
example.) 

The purpose of the present investigation was to determine the rolling 
stability derivatives of various clean and landing configurations of a 
l/lo-scale model of the Grumman FgF-9 airplane. These tests were made at 
the request of the Bureau of Aeronautics, Department of the Navy, to aid 
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in the development of the Grumman FgF-9 airplane. The results of a pre- 
vious investigation to determine the static, yawing, and pitching sta- 
bility characteristics of the same model are given in reference 3. 

. . :. . 
. . . 

SYMBOLS 
l 

The data presented herein are in the form of standard NACA coeffi- 
cients of forces and moments which are referred to the stability system 
of axes shown in figure 1. All coefficients are based on the basic-wing 
area of 2.502 square feet rather than on the total area of 2.548 square 
feet for the basic wing and the leading-edge extension. The positive 
direction of forces, moments, and angular displacements is shown in fig- 
ure 1. The coefficients and symbols are defined as follows: 

L 

D 

Y 

M 

L' 

N 

b 

S 

¶ 

V 

P 

a 

0 

Y 

# 

P 

lift, lb 

drag, lb 

side force, lb 

pitching moment, ft-lb 

rolling moment, ft-lb 

yawing moment, ft;lb 

span, ft 

area, sq ft 

free-stream dynamic pressure, PV2 2, lb/sq ft 

free-stream velocity, ft/sec 

mass density of air, slugs/cu f-t 

angle of attack of fuselage reference line, deg 

angle of pitch, deg 

flight-path angle, deg 

angle of roll about wind axis, deg 

angle of sideslip, deg 
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angle of yaw, deg 

lateral-force coefficient, Y/qSw 

3 
cn 

rolling-moment coefficient, w@&w 

yawing-moment coefficient, N/c&4, 

pb 
27 flight-path helix angle, radians 

P rolling angular velocity (measured with respect 
to wind axes), d@/dt 

acY 
cYP =- & 

2v 

acz 
cZP =- * 

2v 

Subscript: 

W  wing 

Model-Component Designations 

w wing 

B fuselage 

v  vertical tail 

H horizontal tail (used with subscripts 0 or -10 to denote 
horizontal incidence, in degrees) 

Z wing fences 

3 
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P duct-entrance fairing plugs 

G landing gear extended 

NACA RM SL55EO2 

F flaps deflected (used with subscript 30 to denote flap 
deflection, in degrees, with respect to wing chord line) 

S slats extended 

6 flaperon deflected (used with superscripts 5, 25, or 55 to 
denote flaperon deflection, in degrees, with respect to 
local upper surface of wing) 

Subscripts: 

L left 

R right 

APPARATUS Al'lD MODEL 

The tests of the present investigation were made in the 6-foot- 
diameter rolling-flow test section of the Langley stability tunnel in 
which rolling flight is simulated by rolling the airstream about a sta- 
tionary model (ref. 4). Forces and moments on the model were obtained 
with the model mounted on a single strut support which in turn was 
fastened to a conventional six-component balance system. 

The model used in this investigation was a l/10-scale model of 
the Grurmnan FgF-9 airplane and was supplied to the National Advisory 
Committee for Aeronautics by the Grumman Aircraft Engineering Corp. 
Pertinent geometric characteristics of the model are given in figure 2 
and table I. Lateral control on this airplane is provided by flap-type 
spoiler controls called flaperons (see fig. 2(b)). The left and right 
flaperons are deflected independently of one another to give left and 
right rolls, respectively. A symmetrical flaperon deflection of 5O, 

designated E5 L;R, corresponds to the neutral flaperon position for all 
flaps-extended configurations. Photographs of the model are presented 
in figures 3 and 4. No provisions were made for internal flow; however, 
removable duct-entrance fairing plugs were provided so that any inter- 
ference effects from this area could be determined. 
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TESTS 

5 

All the tests were made at a dynamic pressure of 24.9 pounds per 
square foot which corresponds to a Mach number of about 0.13 and a 
Reynolds number of 0.756 x  106 based on the wing mean aerodynamic chord 
of 0.82 foot. The angle-of-attack range for all tests was from approxi- 
mately -40 to 20°. The rolling derivatives were determined from tests 
made at values of pb/2V of -0.074, -0.048, -0.028, 0, 0.008, 0.033, 
and 0.064. Most of the tests were made at p = O"; however, one con- 
figuration was tested at p = -loo. 

CORRECTIONS 

Approximate corrections for jet-boundary effects were applied to 
the angle of attack by the methods of reference 5* The dynamic pressure 
has been corrected for the effects of blockage by the methods of refer- 
ence 6. These data have not been corrected for the effect of the support 
strut or for the effective pitching velocity which exists when the model 
is rolled at an angle of sideslip. 

F!RESE%TATION OF RESULTS 

The results of this investigation are presented in figures 3 to 10. 
For convenience in locating desired information, a summary of the model 
configurations investigated as well as the figures that give data for 
these configurations is given in table II. These data are presented 
without analysis in order to expedite distribution of the paper. 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va., April 18, 1935. 

$?a%tGfoa.~~ 
Walter D. Wolhart 

Aeronautical Research Scientist 

Approved: &&zze--&k 
5iT!JE 7%%-=w,@ 

DavidF. Thomas, Jr. 
Aeronautical Research Scientist 

Thomas A. Harris 
Chief of Stability Research Division 
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QKIMEXRIC CHARACTERISTICS OF l/10-SCAU MODEL 

OF THE GRUIWAN FYF-9 AIRPLANE 

Wing (does not include leading-edge extension): 
Aspectratio.......................:. 4.00 
Taperratio ......................... 0.50 
Quarter-chord sweep angle, deg ................ 35.00 
Dihedral angle, deg ..................... -2.50 
Airfoil section at root ........... Modified NACA 65AOO6 
Airfoil section at tip .......... . . Modified NACA 65AOO4 
Root chord, ft ........................ 1.053 
lip chord, ft ........................ 0.526 
Area,sqft ......................... 2.502 
Span,ft.. ......................... 3.165 
Mean aerodynamic chord, ft .................. 0.820 

Horizontal tail: 
Aspect ratio ................ 
Taper ratio ................ 
Quarter-chord sweep angle, deg ....... 
Airfoil section at root .......... 
Airfoil section at tip ........... 
Root chord (on fuselage reference line), ft 
Tip chord, ft ............... 
Area,sqft.. .............. 
Span,ft .................. 
Mean aerodynamic chord, ft ......... 
Tail length (distance from center of gravity 

toE/4oftail),ft ........... 

Vertical tail: 
Aspect ratio ................ 
Taper ratio ................ 
Quarter-chord sweep angle, deg ....... 
Airfoil section at root .......... 
Airfoil section at tip ........... 
Root chord (measured 2.70 in. above fuselage 

reference line), ft ........... 
Tip chord, ft ............... 
Area,sqft.. .............. 
Span (measured from 2.70 in. above fuselage 

reference line), ft ........... 
Tail length (distance from center of gravity 

toE/4oftail),ft ........... 

.  .  .  .  .  .  

.  .  .  .  .  0 

.  .  .  .  0 .  

.  .  .  .  0 .  

.  .  .  .  .  .  

.  .  .  .  .  .  

.  0 .  .  .  .  

.  .  .  .  .  .  

.  .  .  .  .  .  

.  .  .  .  .  .  

. . . . . . . . . 1.260 

...... 

...... 

...... 

...... 

...... 

0 .  .  .  .  .  . . . 0.875 
.  .  .  .  .  .  . . . 0.155 
.  0 0 .  .  .  . . . 0.479 

. . . . . . 

. . . . . . 

. . . 3.50 

. . . 0.40 
35.00 

'N& 65~006 
NACA 65~004 

. . . 0.619 

. . . 0.248 

. . . 0.655 

. . . 1.519 

. . . 0.460 

. . . 1.50 

. . . 0.18 
44.45 

'ii.c~ 65~006 
NACA 65~006 

. . . 0.775 

. . . 1.254 
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TABL;E II 

SWY OF MODEL CONFIGURA!I ' IONS TESTED AND DATA PRESEN'l 'ED 

Data presented 
Model configuration 

( 
Cyp, Cnp, and Czp plotted Figure 

against a 1 
VBZP Effect of horizontal and vertical 
WBZPVHO tails and effect of duct-entrance 5 
WBZVHC fairing plugs on clean configuration 

mzn30s&j Effect of horizontal and vertical 
5 W3ZPVHloF#8m tails and effect of landing gear 6 

on lauding configuration 
"BZPVHloFgoSS~G 

wBzPvH() 

wBzPvH&5 

WBZpvHo8z5 

Effect of flaperon deflection on clean 
configuration 7 

5 WBZPVH10F30SGmG 

~Bzm-loF3p~ $ 25 5G Effect of flaperon deflection on 
landing configuration 

KUPVHloF30S~~5~G 

8 

WBZPF~~S~~~+ Effect of horizontal and vertical 
tails on landing configuration 9 

K6ZPVHloF30S6~5~G 

m3zP~5 
Effect of horizontal and vertical 

"BZPVH08~5 tails and effect of sideslip angle 10 
on clean configuration 

VBZT?5;5, p = -10 
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Figure l.- Stability system of axes. Arrows indicate positive direction 
of forces, moments, angular displacements, and angular velocities. 
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Mounfmg poinf 

+237782----l 

(a) General arrangements 

-1 

Figure 2.- Geometric characteristics of l/lo-scale model of the Grumman 
FgF-9 airplane. All dimensions in inches. All wing dimensions refer 
to basic wing. 
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Figure 2.- Concluded. 
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L-W?48 

(a) Front view of VBZPVH F SS5585G landing configuration. 
-10 30 L R 

I 
1  

L-87749 
(b) Side view of WBZVH_loF30SS~58~ landing configuration. 

Figure 3.- Photographs of l/lo-scale model of the G rumman FgF-9 airplane. 
mounted on model-support pedestal, 
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Figure 4.- Photograph of l/lo-scale model of the Grumman FgF-9 airplane 
mounted in the rolling-flow test section of the Langley stability 

tunnel. MBZPVH F S65565G landing configuration. -10 30 L R 
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-4 0  4  8  I2 I6 20 

Angle of affuc~ CC8 deg 

Figure 5.- Effect of horizontal and vertical tails and duct-entrance 
fairing plugs on the rolling stability derivatives. Slats, flaps, 
f laperons, and landing gear retracted. 
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Effect c d horizontal and vertical tails and land .ing gear on the 
stabilit ;y derivatives. Slats, flaps, and flaper sons extea .ded. 
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Figure 7.- Effect of flaperon deflection on the rolling stability deriva- 
tives, Slats, flaps, and landing gear retracted. 
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Figure 8.- Effect of flaperon deflection on the rolling stability 
tives. Slats, flaps, and landing gear extended. 
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Figure 9.- Effect.of horizontal and vertical tails on the rolling stability 
derivatives. Slats, flaps, and landing gear extended. 
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-4 0 4 8 I2 /6 20 

Angk of 5ff5c4 cl, a’eg 

Figure lo.- ' Effect of horizontal and vertical tails and sideslip angle 
on the rolling stability derivatives. Slats; flaps, and landing 
gear retracted. 
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